acid (-GISAL). We report here the use of single and multiple step reaction pathways 37 leading to the regioselective protection of the three different hydroxyl groups of -GISAL.
Introduction

47
Saccharinic acids [1, 2] are a group of branched-chain polyhydroxyl acids which are 48 generated in large quantities when cellulosic materials are treated with aqueous alkali [3] . 49 The mechanism for saccharinic acid production has been studied in detail and the base 50 catalysed depolymerisation of cellulose is known to proceed via a 'peeling' reaction [4, 5] 51 [6] [7] [8] . Depending on the reaction conditions (type of alkali, length of reaction and 52 temperature) a large number of different hydroxy acids can be formed but the main 53 saccharinic acids formed from cellulose, accounting for up to 80% of the total organic 54 matter, are a pair of C-2 epimeric six carbon glucoisosaccharinic acids (GISA) [9] [10] [11] . 55 Whistler and Bemiller have reported that the calcium salt of the 2S-epimer, alpha- 
Despite the ease of preparation of -GISA (1) and its ready conversion to its less polar 67 lactone (2) the two have rarely been exploited as starting materials in synthesis. Florent et 68 al [13] and Monneret et al [14] have incorporated -GISA (1) into the synthesis of a range 69 of anthracycline analogues. Monneret et al have incorporated -GISA (1) into the 70 synthesis of nucleoside analogues with antiviral or antitumor activity [15] . Hanessian and 71 Roy have utilised -GISA (1) in the synthesis of the antibiotic spectinomycin [16] . 72 Thomassigny et al have incorporated -GISA (1) into the synthesis of a small number of 73 heterocycles including variously protected pyrrolidines [17] and piperidines [18] . 74 It has been estimated that many millions of metric tons of saccharinic acids are produced 75 each year as by products in the alkaline pulping of wood [19] [20] [21] [22] . Currently, this large 76 reservoir of potentially valuable organic molecules is combusted within pulping mills to 77 recover their calorific value. Ideally, wood pulping companies would like to be able to 78 extract extra value from these saccharinic acids and one way this could be achieved is by 79 employing them as staring materials in synthetic chemistry. For this ambition to be realised 80 and to determine the true synthetic utility of GISAs it will be necessary to develop 81 strategies for the regioselective protection of the different hydroxyl groups, either 82 individually or in groups. In this paper we report our studies of the protecting group 83 chemistry of -GISAL (2), including the regioselective protection of different combinations 84 of the three hydroxyl groups.
85
It should be noted that whilst the gluco-prefix identifies GISAs as being derived from a 1,4-86 glucan such as cellulose , in the early scientific literature and also in current literature 87 describing environmental aspects of GISA's properties [23] [24] [25] [26] these molecules are 88 frequently referred to as isosaccharinic acids (ISA). 
Results and Discussion
91
Preparation of 2,5,6-tri-O-protected--GISALs in a single step procedure.
92
In the first set of experiments, attempts were made to protect all three hydroxyls of GISA 93 as ester derivatives (Fig. 1, 3a-5a ). We have previously reported the synthesis of the 94 tribenzoyl-ester of -GISAL (2) which was achieved by reaction of -GISAL ( protected--GISAL 10f were isolated by column chromatography. 
162
The combined protection of the primary alcohol at the 6-position and the tertiary alcohol at 163 the 2-position using an isopropylidene group has previously been reported by Florent et 164 al [13] . In a similar reaction, the lactone 2 was condensed with freshly distilled Stocks of the calcium salt of -glucoisosaccharinic acid 1 and -glucoisosaccharino-1,4-265 lactone 2 were prepared using the procedures described by Whistler and Bemiller[12] . 
General Methods
2,5,6-Tri-O-benzoyl--D-glucoisosaccharino-1,4-lactone (4a).
284
The procedure used to prepare 4a was identical to that used to prepare 2,5,6-tri-O- 
297
The method used to prepare 5a was adapted from that reported by Kabalka et al[31] . glucoisosaccharino-1,4-lactone 2 (6.82 g; 41.9 mmol) were dissolved in pyridine (300 mL) 358 and a catalytic amount of DMAP (1 
5,6-Di-O-dibenzyl--D-glucoisosaccharino-1,4-lactone (8b)
392
The dibenzyl derivative 8b was synthesised using a method adapted from that described by 
5,6-Di-O-tert-butyldimethylsilyl--D-glucoisosaccharino-1,4-lactone (5a)
412
The di-tert-butyldisilyl derivative 9b was synthesised using a method adapted from that To confirm the location of the protecting group, 14 (1.5g, 3.71mmol) was acetylated using 2.2 eq). After the addition was complete, the reaction was allowed to reach room 471 temperature and was stirred, under an atmosphere of nitrogen, for a further 3 h. During 472 this time a large quantity of colourless pyridinium hydrochloride precipitated from solution.
473
The reaction was quenched by adding ice-cold water (100 mL), followed by ice-cold diethyl 474 ether (100 mL). The organic layer was separated and the aqueous phase was extracted 2H, ArH), 2H, ArH), 505 2H, ArH), 2H, ArH), 1H, The same procedure as described above for the synthesis of 8c was used to prepare 9c.
580
After chromatography, the product 9c was recovered as a white crystalline semi- at room temperature overnight to give 10c as a white powder (1.5 g; 2.14 mmol, 55% 
